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DESCRIPTION 
CORROSION-RESISTANT R-Fe-B BONDED MAGNET. 
POWDER FOR MOLDING R-Fe-B BONDED MAGNET. 
AND METHODS FOR MANUFACTURE THEREOF 

TECHNICAL FIELD 

This invention relates to a corrosion-resistant R-Fe-B bonded 
^gnet wherein are prevented the occurrence of flaws due to corrosion and 
the occurrence of flaws such as cracking, chipping, and swelling assocmted 
with the generation of white powder generated during the use of an R-Fe-B 
bonded magnet. Stated in greater detail, the present invention relates to a 
corrosion-resistant R-Fe-B bonded magnet wherein the occurrence of 
corrosion andwhitepowderduetosuchasRhydxoxidesthatcausecrackmg 

and chipping is prevented by causing an R compound such as an R oxide. R 
nitnde.Rcarbide.orRhydridethatbecomesR(OH)3whenitreactswith 

steamtobecontainedatl0ppmorlessandR(OH)3tobecontainedatfroml 
ppm to 200 ppm in the powder for molding the magnet in a process wherein 
treatment is performed in a water vapor pressure atmosphere, or by also, 
afterformation. coating the surface oftheR-Fe-Bbonded magnet with an 

organic resin, and to powder for molding such magnet and methods for 
manufacturing such magnet and powder. 

BACKGROUND ART 

By employingFe and/or R (rare earthelement Nd. Pr. or the like) 
thatisan inexpensive abundantresouxceas the main components.R-Fe-B 
permanentmagnetsexhibithigher performance and can befabricatedat 
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lower cost than conventional high-perfonnance Sm-Co magnets. For that 
reason, these are being used today in the manufacture of sintared magnets 
and bonded magneU of variousconfiguration and used inawide range of 

applications. 

In general, an R-Fe-B bonded magnet is fabricated by molding it 
after mixingaresinbondingagentinto the powderformoldingthatbonded 

magnet. The powder for molding such an R-Fe-B bonded magnet is 
n^anufactuxedby an ingot pulverizingmethod.Careductiondiffusion 

method, low-cost rapid quenching method, or. alternatively, by a 
hydrogenating treatment (HDDRmethod)wherewitharecrystallizedfine 

structure is obtained and magnetic anisotropy can be effected. 

It is known that the R-Fe-B bonded magnet described above is 
susceptible to a phenomenon whereby, during prolonged use in the 

atmospheric air. white powder is generated on the surface of and in the 
interiorofthemagne,andthattherearecaseswhere.duetothevolumetnc 

expansion of thatwhitepowder.such defects as magnet cracking.chxppmg. 

or swelling occur. 

This white powder generation phenomenon produces fatal defects 
in applications in motors and the like where e^tacting dimensional precision 
i, demanded, which constitute important applications of bonded magnets, 
and inappUcationswherecleannessisdemanded.asinharddiskdri.es and 

the like. 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide powder for 
nxolding an R-Fe-B bonded magnet, and an R-Fe-B bonded magnet, together 



•FROM QSHIDA PATENT AGENCY 8l3356!57!8 

* t 



3 



.aenet, the »hite pc«der ^n«a«on d.«ribed above i, prevented, andthe 
«.^ence of flaws such as cracking, chipping, and ,»emng assooated 

therewith is prevented. 

AS a result otvarioua studies on the causes of the volumetric 

expansionphenomenonass^iated-iththe generation of whitepowder 

generated in bonded magnets, the attention of the inventors was drawn to 
thefactthat.b,th.adniixtureotslagintotherawn>aterialaUo,dunng*e 

„.mng.n.anufactur.orhea.treatn.entofraw»ateria,powderrorhonded 

magnets, andsurfacereactantsandtboUke.lto200ppn. or so ofRox,de, 

earbide,nitride,andhydride(Kcompounds)areprod»ced,andtothefact 

*a. those variousRcompoundsreactwithwatervaporinthe^r and thus 

change to an B hydioxide. 

In raw material powder for R-Fe-B bonded magnets, rap.dly 
cuenchedpowderproducedbytherapid^uenchingmethodisobtainedhy 

rendertag an alloy meUamorphousbyrapid,uenchingby.,u.nch.ng 

roller sndthenperformingacrystalWngheattreatnxent Also.asforthe 
hydrogenation treated powder.rawmaterialpowderobtain.db,aningot 
pulveri^ngmethodorCareductiondifrusionmethodortheliKeissubjected 
toahydrogen occlusion tre.tment.nddehydra.iontreatment.andaf.ne 

recrystallized structure having magnetic anisotropy can be obtamed. 

When the rapidly quenched powders described above or a 

hydrogenation processed powder (HDDR). in particular, is used in raw 
materialforR.Fe-Bbondedmagne.s,theserawmaterialpowder, are such 

thatduetotheheattreatmentduringthemanufacturingprocessdescr,bed 

e„Her,evenifthecontainedR«,deorcarbideor.he.ikeshou,dbecome.n 




R hydroxide that is stable in air. the R hydroxide will again change to an R 
oxide that is unstable in air in that heat treatment. 

The inventors learned that, in a bonded magnet manufactured 
usingtherapidlyquenchedpowderorhydrogenationtreatedpowdernoted 
earlier.duringlong-term use. theRoxideand carbide and the like contained 

in the bonded magnet become causes of cracking, chipping, and swelling and 
the like in the bonded magnet by reacting with water vapor in the air and 
changing to an R hydroxide, whereupon white powder generation on the 
surface or in the interior of the bonded magnet occurs, and thatwhite powder 

exhibits volumetric expansion. 

Thereupon the inventors noted that, of the R compounds, the R 
. hydroxide is the most stable in air at room temperature, and learned that, by 
causing the R compounds such as R oxide, carbide, nitnde, and hydride 
present in the powder for molding bonded magnets to change an R 
hydroxide beforehand, immediately prior to molding, and stabilizing them, 
and making the residual content of the R compounds 10 ppm or less, the 
volumetric expansion associated with the generation of white powder, which 
becomes a cause of cracking, chipping, and swelling and the like in R-Fe-B 
bonded magnets during use. can be prevented. They also learned that this 
prevention method can prevent the volumetric expansion associated with the 
generation of white powder even without effecting a coating. 

The inventors also conducted studies on the corrosion that is a 
peculiar problem with R-Fe-B bonded magnets. Corrosion occurs when the 
R2Fei4B phase that strongly afTects magnetic characteristics in bonded 
magnets is oxidized. Coating an organic resin onto the surface of the magnet 
is effective in preventing the corrosion that is generated in a conventional R- 
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Fe-B permanent magnet. However, it was learned that, depending on the 
conditions of use. with the coating method noted above, pinholes develop 
unavoidably in the organic resin coating layer obtained by such coating 
application, resulting in the problem that the occurrence of corrosion cannot 
be prevented. 

Thereupon, the inventors, as a result of further studies made on 
superior corrosion prevention and on preventing the volumetric expansion 
associated with white powder generation, learned that 

1) after treating rare earth compounds that generate white 
powder such as R oxide. R nitride. R oxide, and R hydride that are 
unavoidably contained in raw material powder for R-Fe-B bonded magnets 
in a water vapor atmosphere under certain conditions, changing them to R 
hydroxides, and then mixing a binding agent resin into the molding powder, 
performing molding, and obtaining a bonded magnet of the prescribed shape 

and dimensions. 

2) by coating a certain quantity of a fluorine resin and organic 
resin containing one or two or more types of a pigment or organic complex 
salt dye onto the surface of the bonded magnet. 

3) the intrusion of moisture or the like from unavoidable pinholes 
occurring in the resin coating layer is prevented by a water repellancy 
imparted by the nuorine resin being contained, and 

4) the penetration of the organic resin coating film by an oxide gas 
other than water is blocked by the pigment, or. alternatively, by the 
anticorrosive effect of the organic complex salt dye. while powder and 
corrosion generation can be simultaneously prevented, whereupon they 
perfected the present invention. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention is characterized in that raw material 
powder for an R-Fe-B bonded magnet is treated in a water vapor pressure 
atmosphere, such R compounds contained in the raw material powder as R 
oxides, carbides, nitrides, and hydrides are changed to an R hydroxide 
(R(0H)3) that is stable in air, and powder containing that is obtained. 

The present invention is targeted at raw materials for R-Fe-B 
bonded magnets made by any manufacturing method, but is particularly 
targeted at magnet raw material powders obtained by the crystallizing heat 
treatment of raw material powder in an amorphous state obtained by the 
rapid quenching method, or magnet raw material powder obtained by H2 
occlusion treatment, and de-H2 treatment hydrogenation treatment for 
rendering to a fine recrystallized structure powder obtained by an ingot 
pulverization method, and so on wherewith white powder generation readily 



occurs. 



Describing such in greater detail, the powders that can be adopted 
for the raw material powder used for the R-Fe-B bonded magnets include 
those obtained by a melting-pulverizing method wherewith the prescribed R- 
Fe-B aUoy is melted, cast, and then pulverized, by a direct reduction 
diffusion method wherewith powder is obtained directly by Ca reduction, by 
a quenched alloy method wherewith the prescribed R-Fe-B alloy is made into 
ribbon foil by a melting jet-caster and that is pulverized and annealed, by a 
gas atomizing method wherewith the prescribed R-Fe-B alloy is melted, 
made into powder by gas atomization, and heat-treated, and by a mechanical 
alloy method wherewith a prescribed raw material metal is made into 
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powder, then made into nu. powder by mechanical alloying and heat- 
treated. 

•thermore. in raw material powder for R-Fe-B bonded magnets, 
there is rapiW quenched powder obtained by quenching a prescribed alloy 
melt with a queWng roller, making it amorphous, and then subjecting it to 
a crystallizing heaWeatment. and hydrogenation treated powder obtained 
by taking coarsely puWrized powder obtained by coarsely pulverizing an 
alloy ingot of a prescrib^composition. hosting and holding that at a 
temperature of SOO'C to 90k: for 30 minutes to 8 hours, for example, either 
in O.l atm or higher but 10 aV or lower (room temperature conversion, 
hereinafter represented as 0.l\m to 10 atm, with the same applying to 
ranges of other units indicated a)&om some value to some value) of H2 gas or 
in al inactive or inert gas (excludi4N2 gas) having an H2 partial pressure 
equivalent.thereto. and then subjectirVhat to a de-H2 treatment by holding 
it at 500*0 to 900'C for 3d minutes to 8 hVs under a 1 X 10-2 Torr H2 
partial pressure to yield suchhydrogenatioWeated powder comprising a 
fine recrystallized aggregate structure having^^average crystal particle 

size of 0.05 ym to 1 11m. 

In the present invention. iXthe heat treatment in the water vapor 
pressure atmosphere, the water vapor Lssure should preferably be 15 
mmHg to 350 mmHg. At a water vapor ^i^essure of less than 15 mmHg, the 
reaction to R(0H)3 is insufficient, and reqi^es a long time, leading to high 
manufacturing costs, wherefore that is undesirable. 





When 350 mmHg is «cled, on the other hand, the magnetic 
characteristics of the magpie raw material powder decline greatly. 
whereforethatisnotdesirabV An even more preferablewatervapor 

pressure range is 60 mmHg l« 2^mmHg. 

In the present invention, the treatment temperature should 
preferably be withinarangeof-lO-C to 200-C.Atlessthan-aor,a.ong 

timeisre,uiredforthereaction,leadingtohighmanufacturingc«sts, 
whereas when 200-C is e:cceeded, the magnetic characteristics otthe 
n^gnetic raw material powder decline greatly, wherefore that is not 
desirable. A more preferable heat treatment temperature range « 0 C to 
lOOr. and even more preferable is a Umperature range of 30t: to 80C. 

In the present invention, the heat treatment time should 
preferahlybetromShourstoaeO hours, withheating for 25 to40hoursheing 

preferable when the heating temperature is 40-C. and heatingfor 5 to 10 
KoursbeingpreferablewhentheheatingtemperatureisSOCfor example. 

In the present invention, air. Ar, or or the like can be selected 
for the atmospherewherein the heat treatment isdone. For thepressure 

dunngheating.moreover,atmosphericpressureisdes,rablebecausethe 

e,uipmentthencanbemadelow.os..buttheheattreatmentmayaUobe 

doneunderincre,sedorreduc.dpressure.Th.con.ersi«.toK(OH„isdone 

by water vapor, moreover, but there is no parUcular limitation on the type of 
gas so long as an equivalent reaction occurs therewith. 

to the magnet moldingpowder of the present invention, .f tbeR 
compound thatreactswith water vapor tobecomeWOHlaiscontainedin 

excess of 10 ppm, it wiU react with the water vapor to produce a whtte 




p„„d«,whe«fo«th.tis„otde^rable.»heTeupontheRc.mp.undeo.tent 

is made 10 ppm or less. 

The magnet molding powder according « the present invention is 
charaCrizedby containing K(OH),, but thatcontent should be fromlppm 

to 200 ppm^ It is. practically speaking, impossible to obtain magnet raw 
material»hereinthatamountislessthanlppm,«her«s,when200ppm.s 

exceeded, the volume effective as a magnet decreases too much, so that the 
magnetic characteristics decline, and. for that reason, that is not desirable. 

to the present invention, the R-Pe-B bonded magnet in view may 
be either an isotropic or anisotropic bonded magnet In the case of 
compression molding, tor example, such a magnet is obtained by adding and 
kneading a thermosetting resin, coupling agent, and lubricants and the hke 
into magnetic powder of the prescribed composition and properties, then 
performing compression molding and heatingt. set the resin. In the case of 
injection molding, extrusion molding, and rolling molding, such a magnet « 
obtained by adding and kneading a thermoplastic resin, coupling agent, and 
lubricants and the like into the magneticpowder.and then moldingitby one 

otthose molding methods, namely injection, extrusion, or rolling. 

In the present invention, for the binder resin, 6Pa. 12Pa. PPS. 
PBT or EVA or the like can be used in injection molding, PVC, NBR. CPE, 
NR or Hypalon or the like in extrusion molding, calender rolling, and rolling 
molding,andepoxyresins.DAP.orphenolresinsorthelikeincompression 

molding. and. as necessary.acommonlyknown metal bindercan be used. As 
an auxiliary material, moreover, a lubricant or resin and inorganic fiUer 
bonding agent, or silane- or titanium-based coupling agent or the like can be 



used. 
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In the present invention, the nuorine resin contained in the 
organic resin coating the honded magnet surface to prevent corrosion is a 
component for imparting water repellenc, to the coating layer. If that 
fluorine resin contentis lesathan 2 «t.%, adequate water repellency cannot 
beimparted to the coating layer.whereas if it exceed, 70wt.%,ad.,uate 

bonding propertiesbetween the coatinglayer and the magnet are not 
„aU«d,«hereforethe.mountotnuorineresincontainedismade2wt.%to 

70 wt.%, with a range of 2 wt.% to 40 wt.% being preferred. 

The fluorine resin is one type selected from among 
Polytetrafluoroethylene resin (PTFE), Tetrafluoroethylene perfluoroalkoxy 
vinyl ether coHy»- (I""*), Perfluoro ethylene-propylene copolymer 
resin (FEP). Ethylene-propylene perfluoroalkoxy vinyl ether copolymer 
resin (EPE) Ethylene tetrafluoroethylene copolymer resin (ETFE), 
P„lychlorotrifluoroe.hyI.n.resin(PCTFE),Ethylenchlorotrifluoroethylene 

copolymer resin (ECTFE), Polyvinylidene fluoride resin (PVDF), and 
Polyvinyle fluoride resin (PVE). Of these. PolyUlrafluoroethylene resm 
(PTFE) is preferable, and PTPE resin having . low molecular weight 
(molecular weight of 500.000 or less) is particularly preferable in the mterest 

of adhesion. 

The pigment contained in the organic resin coating layer is made 
tobecontainedinorder to disperse the penetration pathsfor the oxidizing 

gases such as oxygen in the coaUng layer and give the coatinglayer a 
s,«cture dimcult to penetrate by tho« gases. For this pigment, one such as 
titanium dioxide, cobalt oxide, iron oxide, or carbon black isused. 

It the amount of such pigment contained is less than 0.5 wt.%. the 
effect inacattering the gas penetration paths noted above is inadequate. 
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whereas when 50 wt.% is exceeded, the bonding property enhancing 
components of the organic resins such as acrylic resins, epoxy resins, phenol 
resins, or polyester resins contained in the organic resin coating layer are 
diminished, whereupon adequate bonding properties are not obtained, 
wherefore those extremes are undesirable and the content range is limited to 

0.5 wt.% to 50 wt.%. 

The dye in the organic resin coating layer is contained because of 

its corrosion preventing effect, and a chromium complex salt dye is 
preferable as that dye. If the amount of that dye contained is less than 0.2 
wt.%. the corrosion preventing effect will be markedly small, whereas when 
10 wt.% is exceeded that effect is saturated and so is not desirable, wherefore 
the content range is limited to 0.2 wt.% to 10 wt.%. 

When a pigment is contained as a complex with the dye, the 
amountofthepigmentcontainedsbouldbefrom0.2wt.%to50wt.%. Ifless 

than 0.2 wt.%. the effect in dispersing the oxidizing gas penetration paths is 
inadequate, whereas when 50 wt.% is exceeded, the bonding property 
enhancing components of the organic resins such as epoxy resin contained in 
the organic resin coating layer are diminished, and adequate bonding 

properties are not realized. 

In the present invention, besides the pigment and the fluorine 
resin contained in the organic resin coating layer, one or two or more types 
selected from among acrylic resins, epoxy resins, phenol resins, and polyester 
resins are contained. The reason for that is that, because the bonding 
properties between the metals and the other resins are inferior with only the ^ 
fluorine resin.ahighbakingtemperature of 400'Cisrequiredforthecoating 

in order to enhance and improve the bonding properties, wherefore it must be 
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done to prevent both the promotion of the oxidation or decomposition of the 
magnet powder and binding resin in the coated magnet and the ill effects 

such would produce. 

In other words, with the present invention, the bonding properties 
between the coating layer and the magnet, and of magnetic circuit 
configuring members that bond the magnet having the coating layer are 
enhanced by selecting one or two or more types of an acrylic resin, epoxy 
resin phenol re.in. or polyester resin exhibiting good bonding properties 
with thebonding agent thatbonds the magneticpowderandbindingresxnm 

the coated magnet and that coated magnet and a magnetic circuit 
configuring member such as a yoke. 

If the thickness of the organic resin coating layer on the bonded 
magnet surface is less than 1 iim. the organic resin coating layer will not 
become uniform, wherefore it will not be possible to realize adequate water 
repellency or interrupt the oxidizing gas penetration dispersion paths, 
whereas when 50 pm is exceeded, higher cost is incurred without improving 
the effectiveness thereof, wherefore those extremes are not desirable, and the 
thickness range is limited tolpm to 50 pm.withacoating layer thickness of 

5 to 30 )im being preferable. 

In the present invention, aUhougli there is no particular 
Umitation on the composition of the R-Fe-B magnet raw material powder, 
the eompositionsnoted below are preferable in terms of magnet composition. 
Th. rare earth element R accounts for 10 at* to 30 at.*, but at least one 
type from among Nd, Pr. Dy, Ho, andTt, or, in addition thereto, at least one 

tjT,e from among La, Ce, Sm, Gd, Er. Eu, Tn, Yb. Lu, and Y shouldbe 
contained. Also, while ordinarily one type ofRwiU be sufficient, in practice 
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. mixture of two or more types (such as miseh meul or didymium) can be 
u«dforre«onotr.adya..ilabm.,ortheUke. Furthermore, thisRneed 

„otbeapureraree«theUment,and.bereis„o problem withitco„tai„.ng 
such impurities as are unavoidable in manufacture, «ithin such range as can 

be industrially procured. 

Risamanda.oryelementinthemagneticpo,»derofsucht,peas 

describedinthetoregoing. KtheRconte„tis,essthanlOat.*,mucha.iron 
„iUb.precipitated.andhighma6neticcharact.ris.ics,especiaU,h,gh 
coercive force. wiUnotbe Obtained, wh.re.s,whenite«eeds30at.%,anR. 
richnonmagnefcphase increase. theresidua,fl«.density(Br,decUnes, 
a„iapermanentmagnet of outstanding characteristics is notobta.ned. 

Accordingly, an R content range oflO a..% to 30 at* is desirable. 

B is a mandatory element in the magnetic po«der of such type as 
ae,cribedintheforegoing.lftheBcontentis,.ssthan2at.%,adi<terent 

structure, otherthananNd#e„Btetragonalstructure,wiUbecome the 

„>ainphase.ndhighcoercive£orce«Hc,«illnotbeobtained,whereaswhen 

Mat*isexceeded,.B-richno„magneticphaseincreases.theres,duainu. 

density (Br) declines, and a permanent magnet of outstandmg 
characteristics is therefor not obtained. Accordingly, a B content range of 

at % to 28 at.% is desirable. 

Feisamandatoryelementinthemagneticpowderofsuchtypeas 

descrihedintheforegoing.IftheFecontentislessthan65at.*.theresidual 

fluxde„sity(Br)«illdeclin.,,hereas-ben«.at.*isexceeded,h.gh 
coerci,eforceisn„tobt.ined.«hereforeitispreterablethat65at.%to80 

at.% of Fe be contained. 




Furthermore, by substitutine Co for some otthe Fe, the 
«n>perat»rech«.cteristi«c.nheimproved«ith.utimp.iringth. 

^p,etic.haxacteristicsofthem.gnetsob.»ined.However,whentheCo 

substitution ,u.ntity exceeds 50* otthe Fe content, the magnefc 
ch.racteristiesdeUrior,te.conver«ly."heretor.thatisnotdesirab.e. 

When the Co substitution quantity is 5 at.% to 30 at.% otFe, Br will increase 
more th«. when no substitution is made, wherefore that is desirable in order 

to obtain high flux density. 

Beside R, B. and Fe, moreover, the presence of impurities that are 
unavoidableinindustrialmanufactureisallowed. For exaxaple, by 
substitutingforapar.o,tbeBat.eastonetypefromamo„gC(at..Owt.*or 

less) P (at 2.0 wt.% or less), and S (at 2.0 wt.%), for a total quantity that .s 
2.0wt.%orless,itispossibletoimprovethemanufacturabilit,ofthe 

permanent magnets and lower the cost thereof . 

It is also possible to add at least one type from among Al.-lt, V, U, 
Mn Bi, Nb, Ta, Mo, W, Sb, Ge, Ga, Sn, Zr, Ni, Si, Zn, Hf. and Cu to the 
magnetpowder because of the effectiveness thereof in improving coercve 

force and the squareness of the demagnetisation curve, or in .mprovmg 
manufacturabilityandloweri-gthecost. The upper Umitotthe amount 

added,moreover,shouldbe«ithi.arang.whereinthosec.nd,t,ons 
„ecessar,forreali.ingthere,uiredvaluesforthe(BH)maxand(Br)ofthe 

bonded magnet are satisfied. 
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EXAMPLES 
EXAMPLE 1 

cVarsely pulverized powder was used, obtained by ingot 
pulverizationXving an average particle size of 150 urn. and a composition 
consisting of 12.8^ R. 6.3 at.% B. U.8 at.% Co. 0.25 at.% Ga. 0.09 at.% Zr 
and the remainder FeNnie coarsely pulverized powder was subjected to an 
H2 occlusion treatment. KMding it for 1.5 hours at 820°C in 1 atm (room 
temperature equivalent) of I^as. then subjected to a de-Ha treatment, 
holding it for 0.5 hour at 850*0 h^low of Ar gas at a reduced pressure of 40 
Torr to yield a hydrogenation-treat^powder having a fine recrystallized 
aggregate structure with an average ciw3tal particle size of 0.4 pm. The 
R2O3 content in the hydrogenation-procei^sed powder so obtained was 200 
ppm and the R(0H)3 content therein was 0.5 

Taking this hydrogenation-treatedypowder as magnet raw 
material powder, it was subjected to a heat treatment, holding it for 15 hours 
at a temperature of 70*C in an atmosphere having^water vapor pressure of 
180 mmHg to yield a molding powder. The R2O3 cogent in the molding 
powder so obtained was 7 ppm and the R(0H)3 contenWrein was 180 ppm. 

Into the molding powder so obtained were miked 3.5 wt.% of an 
epoxy resin, and that was then molded, under a molding pressure of 6 T/cm2, 
in a magnetic field of 12 kOe, to dimensions of 10 mm X 10 ri^ X 10 mm. 
after which heating was performed for 60 minutes at a hardening 
temperature of 150*C , whereupon 50 bonded magnets were fabnWd. 
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The bonded magnets so obtained were subjected to accelerated 
tests, beingallowed to standforl2hoursina0.2MPaatmosphereatl25'C 

and 85% relative humidity. Under these testing conditions, no red rusting 
occurred, and only white powder could be tested. The external conditions 
and defect ratio at that time were measured, and the results are given in 

Table 1. 
EXAMPLE 2 

Using molding powder manufactured in the same composition 
and under the sameconditions as inExamplel.50bonded magnets were 

fabricated under the same conditions as in Example 1. 

Onto the surface of the bonded magnets so obtained was applied, 
by spraying, a solution made by dissolving and dispersing an organic resin 
consisting of 30 wt.% of PTFE as the fluorine resin. 2 wt.% of carbon black as 
the pigment, and the remainder of an epoxy resin, in an organic solvent, 
drying that, and performing a setting treatment for 30 minutes at ISO'C to 
yield bonded magnets having an organic coating layer havingathickness of 

25 pm. 

The bonded magnets so obtained were allowed to stand for 1000 
hours at 80"C and 90% relative humidity. Furthermore, the conditions of 
these tests were conditions under which both red rust and white powder 
could be tested for. The magnetic characteristics thereof, external 
conditions, and defect ratio thereof were measured, and the results are given 
in Table 2. 
EXAMPLE 3 

Using molding powder manufactured in the same composition 
and under the sameconditions as in Example 1.50 bondedmagnets were 




fabricated under the same conditions as in Example 1. Onto the surface of 
the bonded magnets so obtained was applied, by spraying, an organic resin 
consisting of 6 wt.% of PTFE as the fluorine resin, 3 wt.% of a chromium 
complex salt dye as the organic complex salt dye. 48 wt.% of an epoxy resin 
for the remainder, and 43 wt.% of an acrylic resin, and performing a setting 
treatment under the same conditions as in Example 2 to yield bonded 
magnets having an organic coating layer having a thickness of 25 pm. 

The bonded magnets so obtained were allowed to stand for 1000 

hours at sot: and 90% relative humidity. Then the magnetic characteristics 

thereof, external conditions, and defect ratio thereof were measured, and the 

results are given in Table 2. 

EXAMPLE 4 

Using molding powder manufactured in the same composition 
and under the same conditions as in Example 1. 50 bonded magnets were 
fabricated under the same conditions as in Example 1. Onto the surface of 
the bonded magnets so obtained was applied, by spraying, an organic resin 
consisting of 25 wt.% of PTFE as the fluorine resin. 1 wt.% of carbon black as 
the pigment. 3 wt.% of a chromium complex salt dye as the organic complex 
salt dye. 48 wt.% of an epoxy resin for the remainder, and 23 wt.% of a 
polyester resin, and performing a setting treatment under the same 
conditions as in Example 2 to yield bonded magnets having an organic 

coating layer having a thickness of 20 pm. 

The bonded magnets so obtained were allowed to stand for 1000 

hours at 80-C and 90% relative humidity. Then the magnetic characteristics 

thereof, external conditions, and defect ratio thereof were measured, and the 

results are given in Table 2. 
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COMPARATIVE EXAMPLE 1 

Using h,drogenation.t«ated powder obUinedby th<, sme 
p^ocessesa. inE,a.plel.bondedmagn.t, we fabricated und«.he»me 

conditions as in Exan.ple 1. immediaUly. without performing a heat 
treat^entin.water vapor at,nosphere.TheRcompou„daco„Uined.n the 

bonded magnets so obtained were tneasured, resulting in ^ ,ua«t.t, 
of 190 ppm and an R(0H)3 quantity of 0.3 ppm. 

The bonded n^gnets so obtained were subjeetedto accelerated 
tests, being.l..wedtostandforl2ho«rsina0.2MPaatmosphereatl25C 

and 85% relative humidity. Theextem^conditionsanddefectratioat that 

time were measured, and the results are given in Table 1. 
COMPARATIVE EXAMPLE 2 

Using hydrogenation-treated powder obtained by the same 
processesasinExan-pleLwafr vapor heattreatmentandbonded magnet 

moldingwere performed under the same conditions as in Examplel. The 
bonded magnets so obtained were coated, by spraying, only withapolyester 

resin andbakedunderthesameconditionsasinExaftplea. The bonded 
magnetssoobUinedwereallowed tostandforlOOO hours atSO-C and 90% 
relative humidity. Then the magnetic characteristics thereof, external 
conditions, and defectr.ti..h.reofwer,.eaaured.and.heresults.re given 

in Table 2. 

COMPARATIVE EXAMPLE 3 

Bonded magnets obtained by the same processes as in 
ComparativeExamplelweresubieC^dtoorganicresincatingandsetting 

tre.tmentbythesameprocessesand»nderthesameconditio»as.n 
Example 2,,ieldingbondedmagnet.havinganorga.iccoatinglayerhav,ng 
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a thickness ofSOum. The bonded n^agnets so Obtained were allowed to Stand 

for 1000 hours at 80^ and 90% relative humidity. Then the magnetic 
characteristics thereof. extemalconditions.anddefect ratio thereofwere 

measured, and the results are given in Table 2 . 



Table 1 





External Conditions 
(Number of Occurrences) 


Defect Ratio 

(%) 


Crack 
flaws 


Chip flaws 


Swellings 


Example 1 


0 


0 


0 


0 


Comparative 
Example 1 


10 


8 


32 


100 
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["able 2 





Magnet] 
Characteri- 


c 

Sties 


External Conditions 
(Number of Occurrences) 


Defect 
Ratio 
(%) 




Red 
Rust 


Crack 
flaws 


Chip 
(laws 


Swellings 




Br ^ 
(T) 


siHc 
(kW) 


(BH)max 
(kJ/m3) 




8.2 


11.8 




0 


0 


0 


2 


4 


Example 3 


8.2 


11.8 


15.0\ 


0 


0 


0 


1 


2 


Example 4 


8.2 


11.9 


15.0 




0 


0 


0 


0 


Comparative 
Example 2 


8.1 


11.7 


14.7 


30 


o\ 


0 


0 


60 


Comparative 
Example 3 


8.2 


11.9 


15.1 


0 


7 


5 


\ 28 


80 
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INDUSTRIAL APPLICABILITY 

Conventionally, in R-Fe-B bonded magnets manufactured using 
rapidly quenched powder or hydrogenation-treated powder as the raw 
material powder, during long-term use, the R oxides and the like contained 
in the bonded magnets reacted with the water vapor in the atmosphere and 
changed to R hydroxides, white powder was generated on the surface or in 
the interior of the magnets, and. due to the volumetric expansion thereof, 
such defects as cracking, chipping, and swelling occurred in the bonded 
magnets. 

Based on the present invention, all of the R compound in the 
bonded magnets that constitute a cause of the white powder generation is 
changed to R hydroxide and stabilized, wherefore there is no generation of 
white powder during magnet use, and there are no defects such as cracking, 
chipping, or swelling in the bonded magneU. Alternatively, moreover, the 
occurrence of corrosion is prevented by forming an organic resin coating 
layer on the magnet surface, and it becomes possible to maintain stable 
external appearance and magnetic characteristics over long periods. 



